BACKGROUND: Only few longitudinal studies have explored separately predictors of pain incidence and persistence. OBJECTIVE: To investigate whether biological, lifestyle, occupational and psychological risk factors for the development of new episodes of upper limb pain (ULP) differ from those for its persistence. METHODS: Spanish nurses and office workers (1105) were asked at baseline about biological, lifestyle, occupational and psychological risk factors and pain in the past month at six anatomical sites in the upper limb (left and right shoulder, elbow and wrist/hand). At follow up, 12 months later, pain in the past month was again ascertained. Analysis was based on anatomical sites clustered by person. Associations were assessed by multilevel logistic regression models. RESULTS: Nine hundred and seventy-one participants (87.9%) completed follow-up. Job dissatisfaction and older age carried higher risk of new ULP. Somatising tendency (OR 2.2, 95%CI 1.6-3.1) was the strongest predictor of new ULP, with a risk estimate which differed significantly from that for the same exposure and persistence of ULP. Having adverse beliefs about the work-relatedness of ULP carried a significantly reduced risk for persistence of ULP. CONCLUSION: Our study provides only limited evidence that risk factors predicting new ULP differ from those predicting its persistence.
Introduction
Upper limb pain (ULP) is one of the most common complaints in people of working age, and a major cause of sickness absence with substantial economic impact in industrialised countries [1, 2] . It can arise from various specific disorders of the arm or neck, but often there is no identifiable underlying pathology [3] , and in many cases, the symptom is recurrent or persistent [4] . Its occurrence has been linked with occupational physical activities (in particular repetitive movements and awkward postures); psychosocial aspects of work [5] ; various biological factors [6] ; and with psychological factors such as, low mood, tendency to somatise and negative beliefs about its causation and prognosis [7, 8] .
As with low back pain [9] , it is possible that factors leading to the development of new episodes of ULP differ from those that determine its persistence. However, only a few longitudinal studies have explored separately the predictors of its incidence and persistence [8, 10] . From the limited research that has been conducted, it might be expected that exposure to repetitive movements of the arm or wrist would be associated with a higher incidence of ULP [7] ; that having strong adverse beliefs about the prognosis of ULP would be associated with its persistence [8] ; and that somatising tendency would relate to both the incidence and persistence of ULP [8] .
Confirmation that risk factors for the incidence of ULP differ from those for its persistence, could have important implications for preventive strategies, and for the management and prognosis of established ULP. It would also raise the possibility that in studies which have examined risk factors for prevalent ULP without distinguishing between new and longstanding pain, the effects of some risk factors may have been diluted and perhaps missed.
We conducted a prospective cohort study in which we explored whether biological, lifestyle, occupational and psychological risk factors for the development of new episodes of ULP differ from those for its persistence. The investigation was part of the international CUPID (Cultural and Psychosocial Influences in Disability) study [11] .
Methods

Study population and recruitment of participants
Between November 2007 and February 2010, nursing staff (excluding those from out-patient clinics and paediatricwards)andofficeworkersaged20-59years, who had been in their current job for at least 12 months, were recruited from four hospitals and a university in Barcelona. Before recruitment began, approval for the study was obtained from the Parc de Salut Mar Ethics Committee of Barcelona and the Health and SafetyCommitteeofeachparticipatingcentre.Ateach centre, a trained member of the staff contacted eligible workers and invited them to take part in the study. Those who agreed gave written informed consent and were then interviewed at their place of work by a member of the research team, who administered a computer-assisted baseline questionnaire. Earlier, this questionnaire had been piloted in a separate group of 30nursesandofficeworkerstoensurethatitwasunderstandable and easy to complete.
The questionnaire was a Spanish translation, checked by independent back-translation, of a survey instrument originally drafted in English for use in the CUPID study [11] . Among other things, it asked about sex; age (in four ten-year bands); height (subsequently dichotomized at the median for each sex); smoking habits; occupation; type of contract (permanent or temporary); years in current job; working hours per week; job satisfaction; job security; occupational activities performed with the upper limb in an average working day; health beliefs about pain in the upper extremity; mental health; somatising tendency; and upper limb pain.
Work-related physical activity, job dissatisfaction and job insecurity
Subjects were asked whether in an average working day, they: (i) used a keyboard or a typewriter for more than 4 hours in total; (ii) carried out other tasks involving repeated movements of the wrist or fingers more than 4 hours in total; (iii) repeatedly bent and straightened the elbow for more than 1 hour in total; and (iv) worked with their hands above shoulder height for longer than 1 hour in total. Anatomical sites were classed as exposed to relevant work-related physical activity if the subject reported work with hands above shoulder height (shoulders), repeated bending of the elbow (elbows), or either use of a computer keyboard or other repeated movements of the wrist or fingers for longer than four hours (wrist/hand).
Subjects were classed as dissatisfied with their job if they reported that overall they were dissatisfied or very dissatisfied, and were considered exposed to job insecurity if they felt that their employment would be rather or very unsafe if they had a significant illness that kept them off work for three months.
Health beliefs, mental health and somatising tendency
Questions about health beliefs were adapted from the Fear-Avoidance Beliefs Questionnaire [12] , and grouped into three domains concerning the effects of physical activity, work-relatedness and prognosis. Participants were considered to have adverse beliefs about physical activity if they completely agreed or tended to agree that, for someone with arm pain, physical activity should be avoided as it might harm the arm, and also that rest was needed in order to get better. They were classed as having adverse beliefs about work-relatedness if they completely agreed or tended to agree that arm pain was commonly caused by people's work. And they were deemed to have adverse beliefs about prognosis if they completely agreed or tended to agree that neglecting problems such as arm pain can cause permanent health problems, and also completely disagreed or tended to disagree that arm pain usually gets better within three months.
Mental health was evaluated through the relevant section of the SF-36 questionnaire [13] , and scores were grouped in approximate thirds of the overall distribution in the study sample (good, intermediate, poor). Somatising tendency was assessed using a subset of elements from the Brief Symptom Inventory [14] , and participants were classified according to the number of common somatic symptoms from a total of five (faintness or dizziness, pains in the heart or chest, nausea or upset stomach, difficulty breathing, and hot or cold spells) that had been at least moderately distressing during the seven days before the baseline interview.
Upper limb pain
The baseline questionnaire asked about pain in the past month at each of six anatomical sites in the upper limb (right and left shoulder, elbow and wrist/hand), which had lasted for a day or longer. The sites of interest were illustrated in diagrams and the style of questions was similar to that of the Nordic questionnaire [15] .
Follow-up questionnaire
After an interval of 12 months, participants recruited at baseline were re-interviewed with a follow-up questionnaire which used identical questions to ask about pain in the past month at each anatomical site in the upper limb.
Statistical analysis
Unlike some previous studies [8, 10] , in defining whether pain was new or persistent, our study considered not only the part of the arm affected (shoulder, elbow or wrist/hand), but also the laterality of symptoms. Thus, for example, shoulder pain was considered to be new if it had not previously been present in the same shoulder, even if the other shoulder had been affected.
Statistical analysis was carried out with the Generalized Linear Latent and Mixed Models (GLLAMM) [16] program in Stata 11 software [17] . Analysis was based on anatomical sites and the outcome was pain in the past month at follow-up. A site that had been pain-free in the month before baseline was "at risk" of having new pain at follow-up and sites which had been painful in the month before baseline were "at risk" for persistence of pain. To explore biological, lifestyle, occupational and psychological risk factors for: (a) development of new ULP; and (b) persistence of ULP, we fitted multilevel logistic regression models that including all anatomical sites in all subjects, with interaction terms between each risk factor and ULP at baseline to obtain separate risk estimates for incidence and persistence. Associations were summarised by odds ratios (ORs) with their 95% confidence intervals (95% CIs). The interaction terms also allowed assessment of whether the differences between corresponding OR estimates for development of new ULP and persistence of ULP were statistically significant. Initial models included each risk factor separately, together with sex, age (in four ten-year bands) and occupation. Risk factors that were significantly associated with at least one of the two outcomes (i.e. the 95% CI excluded the null value of one) in these first analyses, were then analysed together in a single regression model.
For most analyses, we employed two-level models in which anatomical sites were clustered by person. However, in analyses which included workrelated physical activities, we used three-level models that clustered the six anatomical sites within three anatomical areas (right or left shoulder, right or left elbow, right or left wrist/hand), which in turn were clustered by person. We elected to do this because the questions about work-related physical activities did not distinguish which side(s) of the body was involved.
Results
At baseline, response rates among those invited to take part in the study were 96% (687) in nurses and 98% (471) in office workers; but, 53 participants were excluded because they fell outside the prescribed age range [11] . After these exclusions, usable information at follow-up was obtained for 971 (87.9%) of the 1105 subjects recruited at baseline. Table 1 shows response rates at follow-up according to various characteristics of participants at baseline. Response rates Table 1 Characteristics of participants at baseline and response rates at follow-up were consistently greater than 80%, except in subjects who had a temporary employment contract (79%) and those who originally reported pain in the past month at three or more sites in the upper limb (68%). Among the 5234 anatomical sites which had been free from pain in the past month at baseline, new pain had developed at follow-up in 355 (6.8%). And among the 592 anatomical sites for which pain was reported in the month before baseline, 242 (40.9%) remained painful after 12 months. Table 2 presents the associations of new ULP and persistence of ULP with biological and lifestyle risk factors assessed at baseline. For new pain, risk was higher in women than in men (OR 1.8, 95%CI 1.1-2.8), increased significantly with age (OR 2.4, 95%CI 1.5-3.7, in the oldest compared with the youngest age bands), and was elevated in former smokers (OR 1.7, 95%CI 1.2-2.4, in comparison with never smokers). However, risk estimates in current smokers were lower than in former smokers. In contrast, no significant association was apparent between persistence of ULP and any of the biological or lifestyle risk factors examined. However, the differences between risk estimates for development of ULP and those for its persistence were not statistically significant.
Associations of the same pain outcomes with occupational risk factors are shown in Table 3 . The development of new ULP was associated with job dissatisfaction (OR 1.7, 95%CI 1.1-2.5) and with being a nurse (OR 1.4, 95%CI 1.1-1.9, in comparison with being an office worker). No statistically significant association was observed between development of ULP and exposure to work-related physical activity. As with biological and lifestyle risk factors, none of the occupational risk factors analyzed was significantly associated with ULP persistence. Again, the differences between corresponding risk estimates for the two outcomes were not statistically significant. Table 4 summarises the relation of psychological risk factors at baseline to subsequent pain outcomes. After adjustment for sex, age and occupation, development of new ULP was strongly associated with somatising tendency (OR 2.2, 95%CI 1.6-3.1, for those reporting multiple distressing somatic symptoms as compared with none), and was more weakly associated with poor mental health (OR 1.4, 95%CI 1.0-1.9, in comparison with good mental health), adverse beliefs about the work-relatedness (OR 1.4, 95%CI 1.0-1.9) and prognosis (OR 1.4, 95%CI 1.0-1.8) of ULP. In contrast, adverse beliefs about the work-relatedness of ULP carried a significantly reduced risk for the persistence of ULP. The associations with adverse beliefs about the work-relatedness of ULP, and with report of one or more distressing somatic symptoms, differed significantly between the two outcomes.
Mutually adjusted risk estimates for the risk factors that had shown significant associations in the univariate analyses presented in Tables 2 to 4 are shown in Table 5 . The associations of new ULP with age and somatising tendency both remained highly significant, and weaker associations were still discernible for being a woman, being a former smoker, work as a nurse, job dissatisfaction, poor mental health, adverse beliefs about the work-relatedness of ULP and adverse beliefs about ULP prognosis. The inverse association between strong beliefs about work-relatedness and persistence of ULP was still appreciable, and when we assessed the differences between risk estimates for development of ULP and those for its persistence, only the associations with adverse beliefs about the work-relatedness of ULP remained significant.
Discussion
Our study gives only limited support to the hypothesis that risk factors for incident ULP differ from those for its persistence. We found that tendency to somatise was the strongest predictor of new onset of ULP, with a risk estimate which differed significantly from that for the same exposure and persistence of ULP. Likewise, having strong beliefs about the work-relatedness of ULP was differentially associated with the incidence of ULP as compared with its persistence. However, no significant differences in association were found for the other risk factors examined. It is possible that this partly reflected a lack of statistical power.
To address our aim we based our analysis on anatomical sites rather than on individuals. We looked at associations with new ULP among those anatomical sites which had been free from pain at baseline for at least one month, and with the continuing presence of ULP in those anatomical sites which had been painful in the month before baseline. As we had observed previously for low back pain [9] , somatising tendency was more strongly associated with the incidence of ULP than with its persistence. Most of the evidence that is available on the role of somatising tendency in non-specific musculoskeletal illness comes from cross-sectional studies [18] , making it difficult to discern cause from effect. However, our finding that somatising tendency was a risk factor for subsequent ULP incidence is consistent with two other longitudinal studies [7, 8] . It has been shown that individuals with a tendency to somatise consult a doctor more frequently when they have a new episode of ULP [19] , and it seems plausible that people who tend to worry about other common physical symptoms would also have a heightened awareness of, and be more likely to report, ULP.
We also observed that the development of ULP was rather more common in workers who had adverse beliefs about its causation by work and prognosis. Previously, adverse health beliefs about ULP, and especially those concerning prognosis, have been linked with the persistence of pain [8] rather than incidence of new pain. Whether the relationship is with incidence, persistence, or both, it is likely to arise through a nocebo effect [20] , analogous to the analgesic effects of a placebo, in which a belief that the treatment will be effective causes it to reduce pain. Pain which is perhaps triggered by physical activities may be rendered more prominent and troublesome in individuals who are concerned that it is being caused by their work or has a poor prognosis. More difficult to explain is the inverse association which was observed between strong beliefs about workrelatedness and persistence of ULP. A careful search of the available literature did not reveal any similar findings in previous studies. It might be that individuals with strong beliefs about the work-relatedness of ULP selectively modify their occupational activities in a way that promotes resolution of symptoms (possibly through a placebo effect). However, there is little evidence to suggest that altering occupational activities can importantly reduce arm symptoms among nurses or office workers. Alternatively, this may have been a chance observation.
The absence of associations with persistence of pain in this cohort of Spanish workers might reflect cultural differences between Spain and other countries where such associations have been observed. It is possible that the effects of negative beliefs about musculoskeletal pain are importantly modified by the behaviours and attitudes that are prevalent in the society in which an individual lives [5, 21, 22] . If so, exposure to such risk factors might produce different coping strategies in relation to pain causation and prognosis which would not necessarily be the same across different cultural settings. We are not suggesting that underlying mechanisms differ between countries, but, that the nature and consequences of health beliefs, and perhaps also somatising tendency, might be different. Theoretical models have postulated that avoidance behaviours related to low back pain are influenced by personal and cultural health beliefs [23] ; and we have no reason to believe that for ULP it would be different.
Despite consistent evidence from elsewhere that repetitive work and awkward postures are risk factors for upper limb disorders [1, 6, 7, 10] , we found no significant association of work-related physical activity with either the development or persistence of ULP, after adjustment for occupation. This may be explained by limited heterogeneity of exposure to relevant physical activities within each of the two occupational groups assessed. Use of keyboards and exposure to repetitive movements and awkward postures were quite common in both groups.
Women had a significantly higher incidence of new ULP than men, and the risk of developing ULP increased significantly with age. These findings are in agreement with previous studies [6, 10, 24] . Another earlier study suggested that current smoking was associated with the persistence of ULP [4] . However, we were unable to confirm this. We found an increased risk of new ULP among former smokers, but only a weak association was discernible for current smokers. The absence of clear trends in risk across the smoking categories suggests that this could be a chance observation. Nevertheless, it has been postulated that, even in former smokers, tobacco smoking can cause damage to musculoskeletal tissues through reduced blood flow and hypoxia [25] . If so, this might account for the increased risk of new ULP in ex-smokers. We also found that job dissatisfaction was significantly associated with the development of ULP, although a systematic review by Bongers et al. [26] concluded that job dissatisfaction was not a consistent risk factor for shoulder, elbow or hand/wrist symptoms. Job satisfaction is an attitudinal variable which is influenced, among other things, by workers' expectations about what their job should provide [27] , and it is possible that in some circumstances, failure to achieve job expectations produces stress leading to increased musculoskeletal tone, and subsequently to pain [28] .
In interpreting our findings, certain strengths and limitations of our study should be considered. As far as we know, this is the first study in a large sample of Spanish workers, which has examined the role of lifestyle, biological, occupational and psychological risk factors for the incidence and persistence of ULP. The longitudinal design, with collection of information at baseline about pain at each of six anatomical locations within the upper limb, allowed us to distinguish new from persistent pain more reliably than in some previous investigations [8, 10] . Also, the response rates, both at baseline [11] and follow-up were high, and response at follow-up differed little in relation to the baseline risk factors of interest. A slightly lower response rate in temporary workers was to be expected, since some temporary contracts would have come to an end during the follow-up period. However, because the number of non-responders was small, this seems unlikely to be an important cause of bias.
The items from the CUPID questionnaire [11] , concerning mental health, tendency to somatise and adverse health beliefs, were based on instruments which have previously shown predictive validity [12, 13, 14] , and have been used successfully in earlier longitudinal studies related to back [9] and arm pain [8] . Also, questions about upper limb musculoskeletal complaints were similar to those in the Nordic questionnaire [15] , which has been considered a useful screening tool with acceptable reliability [29] and sensitivity [30] .
Against these strengths, it is possible that workers prone to persistent or recurrent ULP tend to be selected out of work, and therefore were underrepresented in our baseline sample. If so, the absolute risks of pain at follow-up may have been underesti-mated. Although the validity of internal comparisons and associations with risk factors should not have been compromised by healthy worker selection at baseline, bias could have occurred if participants who were both exposed to risk factors and experienced pain over the study period, were selectively lost to follow-up. As Table 1 indicates, loss to follow-up was somewhat higher (32.2%) among the 59 subjects with pain at three or more anatomical sites at baseline. On the other hand, it was lower in the 339 subjects with pain at one or two sites (1.8%) than in the 707 with no pain at all (15.4%). Nor was attrition substantially higher among workers who were exposed to risk factors at baseline. Thus, we think any such bias will have been minimal.
Also, our definition of a new episode of ULP required that an anatomical site had been free from pain for at least one month before baseline. However, it may be that some of the incident ULP at follow-up was not the first occurrence of pain at the anatomical site in question. It is also possible that some sites which were classed as having persistent pain were free from pain for part of the time between baseline and follow-up, while others with long-term recurrent pain happened not to be painful in the month before follow-up. This may have somewhat obscured associations with persistence of pain. In addition, the information that was collected about pain was not supported by any form of clinical examination or investigation. However, there is evidence that more complex case definitions for upper limb disorders, which include physical findings, produce similar associations with occupational risk factors as simpler definitions based only on symptoms [31] .
Our sample was predominantly female, and although risk estimates were adjusted for sex, it is possible that findings would have been different in a largely male population. However, we are not aware of any evidence that sex differentially modifies associations of other risk factors with incidence as compared with persistence of musculoskeletal pain.
Another limitation was the statistical power to detect differences in associations with incidence as compared with persistence of pain. Although the study sample was quite large and we looked at multiple anatomical sites for each participant, confidence intervals indicate that in many cases there was substantial uncertainty in risk estimates, especially for persistence of pain.
In conclusion, our findings provide limited evidence that risk factors predicting the new development of ULP differ from those predicting its persistence. However, the differences observed are not consistent with the limited evidence that is available from elsewhere, and further research is needed to resolve the outstanding uncertainties. This may be possible using data from the CUPID study that have been collected in other countries. If it is correct that predictors for onset of ULP differ from those for its persistence, there could be important practical implications for primary and secondary prevention. Unlike for low back pain, evidence of the effectiveness of work-related interventions to prevent ULP is scarce [32] . Looking separately at predictors of new and persistent ULP may allow potential targets for workplace preventive interventions to be identified more reliably.
